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A turbine blade (10) including an airfo1l (12) having multiple
interior wall portions (70) each separating at least one cham-
ber from another one of multiple chambers (46, 48, 50, 58,
60). In one embodiment a first wall portion (70-2) between
first and second chambers (60, 52) includes first and second
pluralities of tlow paths (86P, 865) extending through the first
wall portion. The first wall portion includes a first region R,
having a first thickness, t, measurable as a distance between
the chambers. One of the paths extends a first path distance, d,
as measured from an associated path opeming (78) 1n the first
chamber (60), through the first region and to an exit opening

(82) 1nthe second chamber (52) which path distance 1s greater
than the first thickness.
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TURBINE BLADE INCORPORATING
TRAILING EDGE COOLING DESIGN

FIELD OF THE INVENTION

[0001] The 1nvention relates to turbine blades and vanes
having air-foil structures which provide cooling channels
within the trailing edges.

BACKGROUND OF THE INVENTION

[0002] A typical gas turbine engine includes a fan, com-
pressor, combustor, and turbine disposed along a common
longitudinal axis. Fuel and compressed air discharged from
the compressor are mixed and burned in the combustor. The
resulting hot combustion gases (e.g., comprising products of
combustion and unburned air) are directed through a conduit
section to a turbine section where the gases expand to turn a
turbine rotor. In electric power applications, the turbine rotor
1s coupled to a generator. Power to drive the compressor may
be extracted from the turbine rotor.

[0003] With the elliciency of a gas turbine engine increas-
ing with operating temperature, 1t 1s desirable to increase the
temperature of the combustion gases. However, temperature
limitations of the materials with which the engine and turbine
components are formed limait the operating temperatures. Air-
foils of turbine blades and vanes are exemplary. The term
blade as used herein refers to a turbine blade or vane having an
airfoil. That 1s, the airfoil may be a part of a rotor (rotatable)
blade or a stator (stationary) vane. Due to the high tempera-
ture of the combustion gases, airfoils must be cooled during
operation in order to preserve the imtegrity ol the components.
Commonly, these and other components are cooled by air
which 1s diverted from the compressor and channeled through
or along the components. It 1s also common for components
(e.g., nozzles) to be cooled with air bled off of the fan rather
than the compressor.

[0004] Effective cooling of turbine air-1oils requires deliv-
ering the relatively cool air to critical regions such as along
the trailing edge of a turbine blade or a stationary vane. The
associated cooling apertures may, for example, extend
between an upstream, relatively high pressure cavity within
the airfoil and one ofthe exterior surfaces of the turbine blade.
Blade cavities typically extend in a radial direction with
respect to the rotor and stator of the machine.

[0005] Itis a desire 1n the art to provide increasingly eflec-
tive cooling designs and methods which result in more effec-
tive cooling with less air. It 1s also desirable to provide more
cooling 1n order to operate machinery at higher levels of
power output. Generally, cooling schemes should provide
greater cooling eflectiveness to create more uniform heat
transier or greater heat transier from the airfoil.

[0006] Ineffective cooling can result from poor heat trans-
fer characteristics between the cooling fluid and the material
to be cooled with the fluid. In the case of airfoils, it 1s known
to establish film cooling along an exterior wall surface. A
cooling air film traveling along the surface of an exterior wall
can be an effective means for increasing the uniformity of
cooling and for insulating the wall from the heat of hot core
gases flowing thereby. However, film cooling effectiveness 1s
difficult to maintain 1n the turbulent environment of a gas
turbine.

[0007] Consequently, airfoils commonly include internal
cooling channels which remove heat from the pressure side-
wall and the suction sidewall 1n order to minimize thermal
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stresses. Achieving a high cooling efficiency, based on the
rate ol heat transier, 1s an important design consideration in
order to minimize the volume of air diverted from the com-
pressor for cooling. By way of comparison, the aforemen-
tioned film cooling, providing a film of cooling air along outer
surfaces of the air-foil, via holes from internal cooling chan-
nels, 1s somewhat inefficient due to the number of holes
needed and the resulting high volume of cooling air diverted
from the compressor. Thus, film cooling has been used selec-
tively and in combination with other cooling techniques. It 1s
also known to provide serpentine cooling channels within a
component.

[0008] However, the relatively narrow trailing edge portion
ol a gas turbine airfoil may include up to about one third of the
total airfoil external surface area. The trailing edge 1s made
relatively thin for aerodynamic efficiency. Consequently,
with the trailing edge receiving heat mput on two opposing
wall surfaces which are relatively close to each other, a rela-
tively high coolant flow rate 1s desired to provide the requisite
rate of heat transfer for maintaining mechanical integrity. In
the past, trailing edge cooling channels have been configured
in a variety of ways to increase the efficiency of heat transter.
For example U.S. Pat. No. 5,370,499, incorporated herein by
reference, discloses use of a mesh structure comprising cool-
ing channels which exit from the trailing edge.

[0009] The present invention increases heat transier eifi-
ciency and uniformity of cooling in the trailling edge of a
turbine airfoil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention 1s explained 1n the following descrip-
tion in view of the drawings wherein:

[0011] FIG. 1 1s an elevation view of a turbine blade 1ncor-
porating features according to an embodiment of the mnven-
tion;

[0012] FIG. 2 1s a partial view 1n cross section of the blade
shown 1n FIG. 1;

[0013] FIGS.3A and 3B arepartial views in cross section of
the blade shown 1n FIG. 1, each 1illustrating exemplary cool-
Ing passages;

[0014] FIGS. 4A and 4B are cross sections taken through
multiple chambers 1n an exemplary design of a trailing edge
according to an embodiment of the invention;

[0015] FIG. 5 1s an elevation view of the chambers of the
trailing edge taken along lines 4-4 of FIGS. 4A and 4B; and
[0016] FIG. 6 1s another view 1n cross section which 1llus-
trates a blade according to an alternate embodiment of the
invention.

[0017] Like reference numbers are used to denote like fea-
tures throughout the figures.

DETAILED DESCRIPTION OF THE INVENTION

[0018] This invention 1s directed to a turbine blade which
incorporates a cooling system. Although the invention 1is
applicable to all types of air-foils, FIG. 1 illustrates an engine
rotor blade 10 representative of a blade positioned 1n a first
stage ol a rotor, disposed immediately downstream from a
high pressure turbine nozzle (not shown) through which rela-
tively hot gas generated 1n a combustor 1s channeled. The
blade 10 includes an airfoil 12 with an internal cooling cavity
having a plurality of chambers. The blade 10 includes a plat-
form 16 with an itegrally formed dovetail 18 for mounting
the blade to a rotor, although 1n other embodiments the blade
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could be mounted to a stator. With placement of the blade on
a rotor or on a stator, a tip 20 of the blade extends radially
outward from the platform 16, with respect to a central axis of
the rotor or stator. Generally, the blade extends 1n a radial
direction away from the platform 16. The following descrip-
tion assumes an exemplary orientation consistent with the
blade 10 mounted on the rotor.

[0019] As shown in FIG. 1, the airfo1l has an exterior wall,
comprising a concave sidewall 24 and a convex sidewall 26,
extending between first and second opposing ends, a first end
22 at which the platform 16 1s formed and a second end 28 at
which the tip 20 1s formed. The concave sidewall 24 defines a
pressure surface and the convex sidewall 26 defines a suction
surface. The sidewalls 24, 26 are joined together along a
leading edge 30, positioned 1n a region which first recerves the
hot combustion gases entering the rotor stage, and are joined
together along a trailing edge 32 downstream from the lead-
ing edge 30 1n a region where the hot combustion gases exit
the rotor stage. Thus during operation of the turbine a flow of
gas passes along the leading edge 30 before passing along the
tralling edge 32 of the blade. The concave sidewall 24
includes an interior wall surface 235 and the convex sidewall
26 1includes an interior wall surface 27. The cooling chambers
extend along portions of the wall surtaces 25, 27.

[0020] The blade 10 1includes conventional means for cir-
culating relatively cool, compressed air, including channels
(not shown) extending through the dovetail 18 and 1nto cham-
bers of the cooling cavity. The cooling chambers may include
numerous well known features supplemental to features of
the embodiments now described. For example, chambers of
the cooling cavities may emit cooling fluid received from the
dovetail 18 through cooling apertures 36 formed along the
sidewalls 24, 26 to eflfect film cooling of the pressure and
suction surfaces. The cooling air 1s discharged from the cool-
ing cavity via a series of holes 38 formed along the blade tip
20 and a series of holes 40 formed along the trailing edge 32.

[0021] FIG. 2 1s a partial view 1n cross section of the blade
shown 1n FIG. 1, taken along line 2-2 of FIG. 1, 1llustrating a
series ol chambers 46-60 extending from the region 30a 1n
which the leading edge 30 1s formed to the region 32a in
which the trailing edge 32 of the blade 10 1s formed. The
leading edge 30 and the leading edge region 30q are relatively
thick portions of the blade compared to a relatively thin trail-
ing edge region 32q of the blade 10 1n which the trailing edge
32 1s formed. The illustrated blade 10 includes (1) a series of
leading edge chambers 46, 48 positioned along the leading
edge 30, a series of trailling edge chambers 52, 54, 56 posi-
tioned along the trailing edge 32, and mid region chambers
50, 58, 60 positioned 1n a mid region 64 of the blade 10
between the leading edge chambers and the trailling edge
chambers. Each of the chambers 46-60 extends more or less
from the first end 22 to the second end 28 of the blade 10. In
the 1llustrated example the chambers 46-60 are shown to be a
serial sequence extending from the leading edge 30 to the
trailing edged although other arrangements are contemplated
such as, for example, disclosed 1n U.S. Pat. No. 7,128,533
assigned to the assigned of the present invention and incor-
porated herein by reference. The chambers 46-60 within the
air-foi1l 12 are defined by a series of wall portions 70 extend-
ing between the first and second blade ends 22, 28. Each of the
chambers 46-60 1s bounded by a portion of one or both 1nte-
rior surfaces 25, 27 and one or more of the wall portions 70.

[0022] FIG.3A1sapartial view 1n cross section of the blade
10. The partial view corresponds to a view taken along the
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concave sidewall 24 and through the trailing edge region 32a,
illustrating the portion of the blade housing the mid region
chamber 60 and the trailing edge chambers 52, 54, 56. The

view 1s taken along a plane interior to the airfoil 12 which
tollows the curvature of the concave sidewall 24 and the flow
of air (indicated by arrows) through the trailing edge, passing
through cooling paths formed 1n the wall portions 70 which
separate the chambers 60, 52, 54 and 56 from one another. As
illustrated 1 FIG. 3A, for each of the wall portions 70
between the chambers 60, 52, 54 and 56, there 1s a first series
of such passages along the sidewall 24.

[0023] FIG. 3B 1s another partial view 1n cross section of
the blade 10. The partial view of FIG. 3B corresponds to a
view taken along the convex sidewall 26 and through the
trailing edge, illustrating a portion of the blade housing the
mid reglon chamber 60 and the trailing edge chambers 52, 54,
56. The view 1s taken along a plane interior to the airfoil 12
which follows the curvature of the convex sidewall 26 and the
flow of air (indicated by arrows) through the trailing edge,
passing through cooling paths formed 1n the wall portions 70
which separate the chambers 60. 52, 54 and 56 from one
another. Asillustrated 1n FI1G. 3B, for each of the wall portions
70 between the chambers 60, 52, 54 and 56, there 1s also a

second series of such passages along the sidewall 24.

[0024] Asnow described in greater detail, within each wall
portion 70 separating the chambers 60, 52, 54 and 56 from
one another there are first and second series of passages
extending therethrough with each series spaced apart from
the other series of passages. For each wall portion, cooling
passages 1n the first series are closer to the concave sidewall
24 than they are close to the convex sidewall 26, and cooling
passages 1n the second series are closer to the convex sidewall
26 than they are close to the concave sidewall 24.

[0025] In the illustrated embodiment cooling air flows
through the chamber 60 from the platform 16 toward the tip
20 as indicated by an arrow 64. The first and second series of
flow paths formed 1n each of the wall portions 70 positioned
between the chambers 60 and 52, between the chambers 52
and 54, and between the chambers 54 and 56, permit the
cooling air to travel from the chamber 60 into the chamber 52,
then into the chamber 54 and next into the chamber 56. Air
(1indicated by arrows) traveling through the chamber 56 exits
the interior of the air-foil 12 through holes 40 1n the trailing
edge 32. The trailing edge 32 extends along a direction which
corresponds to a radial direction when the blade 1s mounted
on a rotor or stator. A horizontal axis, H, perpendicular to the
general direction of the trailing edge 32, 1s shown 1n FIG. 3.

[0026] A first wall portion between the chambers 60 and 52,
designated as wall portion 70-1 includes first and second
series of flow paths 76P, 76S. The flow paths 76P in the first
series, as shown 1n FIG. 3A, are closer to the concave sidewall
24 than they are close to the convex sidewall 26. The flow
paths 76S 1n the second series, as shown 1n FIG. 3B, are closer
to the convex sidewall 26 than they are close to the concave
sidewall 24. The tlow paths 76P and 76S effect fluid commu-
nication between the chambers 60 and 52. All of the flow
paths 76P and 76S in the wall portion 70-1 are straight paths,
cach extending from an inlet opening 78 along a first surface
80 of the wall portion 70-1 facing the chamber 60 to an exit
opening 82 along a second surface 84 of the wall portion 70-1
which faces the chamber 52. During turbine operation each of
the flow paths 76P and 76S receirves cooling air from an
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associated inlet opening 78 in the chamber 60 and transmaits
the cooling air through the exit opening 80 into the chamber
52.

[0027] Each of the flow paths 76P and 76S has a positive

slope with respect to the axis H. That 1s, the slope of each of
the straight paths 76P and 76S, as measured from the associ-
ated 1nlet opening 78 to the associated exit opening 82, 1s a
positive slope with respect to the horizontal axis H. In other
embodiments according to the invention (not illustrated) the
flow paths 76P and 76S do not have to be formed as straight
paths. They may, for example, be of a spiral shape, 1n which
case they may not have a fixed slope with respect to the axis
H. Nor do these paths have to be uniformly distributed 1n a
wall portion.

[0028] A second wall portion between the chambers 52 and
54, designated as wall portion 70-2 includes first and second
series of flow paths 86P, 86S. The tlow paths 86P 1n the first
series, as shown 1n FIG. 3 A, are closer to the concave sidewall
24 than they are close to the convex sidewall 26. The flow
paths 86S in the second series, as shown in FI1G. 3B, are closer
to the convex sidewall 26 than they are close to the concave
sidewall 24. The tlow paths 86P and 86S etlect fluid commu-
nication between the chambers 52 and 354. All of the flow
paths 86P and 86S in the wall portion 70-2 are straight paths,
cach extending from an inlet opening 88 along a first surface
90 of the wall portion 70-2 facing the chamber 52 to an exit
opening 92 along a second surface 94 of the wall portion 70-2
which faces the chamber 52. During turbine operation each of
the flow paths 86S and 86P receives cooling air from an
associated inlet opening 88 in the chamber 52 and transmuts
the cooling air through the exit opening 92 into the chamber

4.

[0029] FEach of the flow paths 86P and 86S has a negative
slope with respect to the axis H. That 1s, the slope of each of
the straight paths 86P and 86S, as measured from the associ-
ated 1nlet opening 88 to the associated exit opening 92, 1s a
negative slope with respect to the horizontal axis H. In other
embodiments according to the invention (not illustrated) the
flow paths 86P and 86S do not have to be formed as straight
paths. They may, for example, be of a spiral shape, 1n which
case they may not have a fixed slope with respect to the axis
H. Nor do these paths have to be uniformly distributed 1n a
wall portion.

[0030] A third wall portion between the chambers 34 and
56, designated as wall portion 70-3 includes first and second
series of flow paths 96P, 96S. The tlow paths 96P 1n the first
series, as shown in FIG. 3 A, are closer to the concave sidewall
24 than they are close to the convex sidewall 26. The flow
paths 96S in the second series, as shown in FI1G. 3B, are closer
to the convex sidewall 26 than they are close to the concave
sidewall 24. The flow paths 96P and 96S cilect fluid commu-
nication between the chambers 54 and 56. The tlow paths 96P
and 965 efiect fluid communication between the chambers 54
and 56. All of the flow paths 96P and 96S 1n the wall portion
70-3 are straight paths, each extending from an 1nlet opening
98 along a first surface 100 of the wall portion 70-3 facing the
chamber 54 to an exit opening 102 along a second surface 104
of the wall portion 70-3 which faces the chamber 56. During
turbine operation each of the flow paths 96P and 96S receives
cooling air from an associated inlet opening 1n the chamber 54

and transmits the cooling air through the exit opening 102 into
the chamber 56.

[0031] FEach of the flow paths 96P and 96S has a positive
slope with respect to the axis H. That 1s, the slope of each of
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the straight paths 96P and 96S, as measured from the associ-
ated 1nlet opening 98 to the associated exit opening 102, 1s a
positive slope with respect to the horizontal axis H. In other
embodiments according to the invention (not illustrated) the
flow paths 96P and 96S do not have to be formed as straight
paths. They may, for example, be of a spiral shape, in which
case they may not have a fixed slope with respect to the axis
H. Nor do these paths have to be uniformly distributed 1n a
wall portion.

[0032] The first series of the flow paths 76P 1s positioned
through the wall portion 70-1 and adjacent the concave side-
wall 24, and the second series of the flow paths 76S 1s posi-
tioned through the wall portion 70-1 and adjacent the convex
sidewall 26. The first series of paths 76P 1s positioned
between the concave sidewall 24 and the second series of
paths 76S. The second series of paths 76S 1s positioned
between the convex sidewall 26 and the first series of paths
76P. Each of the two series of flow paths 76P, 76S comprises
an arbitrary number of paths which each extend between the
first and second ends 22, 28 of the blade 10 in a direction
generally perpendicular to the horizontal axis H. A first in the
series of flow paths 76P, closest to the second end 28, 1s
designated path 76P-1 and a last in the series of tlow paths
76P, closest to the first end 22, 1s designated path 76P-n. The
path 76P-1 passes through a region, R, of the wall portion
70-1. Stmilarly, a first 1n the series of tlow paths 76S, closest
to the second end 28, 1s designated path 765-1 and a last in the
series of tlow paths 76S, closest to the first end 22, 1s desig-
nated path 76S-n. The path 76S-1 also passes through the
region, R, of the wall portion 70-1.

[0033] The first series of the tflow paths 86P 1s positioned
through the wall portion 70-2 and adjacent the concave side-
wall 24, and the second series of the flow paths 86S 1s posi-
tioned through the wall portion 70-2 and adjacent the convex
sidewall 26. The first series of paths 86P 1s positioned
between the concave sidewall 24 and the second series of
paths 86S. The second series of paths 86S 1s positioned
between the convex sidewall 26 and the first series of paths
86P. Each of the two series of flow paths 86P, 86S comprises
an arbitrary number of paths which each extend between the
first and second ends 22, 28 of the blade 10 1n a direction
generally perpendicular to the horizontal axis H. A first in the
series of flow paths 86P, closest to the second end 28, 1s
designated path 86P-1 and a last 1n the series of tlow paths
86P, closest to the first end 22, 1s designated path 86P-n.
Similarly, a first 1n the series of tlow paths 86S, closest to the
second end 28, 1s designated path 86S-1 and a last in the series
of flow paths 86S, closest to the first end 22, 1s designated path
86S-n.

[0034] The first series of the tlow paths 96P 1s positioned
through the wall portion 70-3 and adjacent the concave side-
wall 24, and the second series of the flow paths 96S 1s posi-
tioned through the wall portion 70-3 and adjacent the convex
sidewall 26. The first series of paths 96P 1s positioned
between the concave sidewall 24 and the second series of
paths 96S. The second series of paths 96S 1s positioned
between the convex sidewall 26 and the first series of paths
96P. Each of the two series of flow paths 96P, 96S comprises
an arbitrary number of paths which each extend between the
first and second ends 22, 28 of the blade 10 1n a direction
generally perpendicular to the horizontal axis H. A first in the
series of flow paths 96P, closest to the second end 28, 1s
designated path 96P-1 and a last in the series of tlow paths
96P, closest to the first end 22, 1s designated path 96P-n.
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Similarly, a first 1n the series of flow paths 96S, closest to the
second end 28, 1s designated path 965-1 and a lastin the series
of tlow paths 96S, closestto the first end 22, 1s designated path
96S-n.

[0035] It can be seen from the example design shown 1n
FIG. 3 that adjacent members 1n different series of paths form
a z1g zag pattern. For example, the sequence of paths 76P-1,
86P-1 and 96P-1 forms a pressure side zig zag zig pattern
through which cooling air can flow from the chamber 60 to
the chamber 56 and out a hole 40 of the trailing edge 32.
Similarly, the sequence of paths 765-1, 865-1 and 96S-1
forms a suction side z1g zag z1g pattern through which cooling

air can Hlow from the chamber 60 to the chamber 56 and out a
hole 40 of the trailing edge 32.

[0036] FIGS. 4A and 4B illustrate exemplary and comple-
mentary orientations of three pairs of flow paths between the
chambers 60, 52, 54 and 56. FIG. 4A illustrates three flow
paths between the chambers 60, 52, 54 and 56, cach illus-
trated tlow path being 1n one of the three series 76P, 86P, 96P.
FIG. 4B illustrates three tlow paths between the chambers 60,
52, 54 and 56, each illustrated flow path being in one of the
three series 76S, 86S and 96S. FIG. 4A 1s a view 1n cross
section taken from the tip 20 of the blade 10 along a tlow path
of cooling air shown 1n FIG. 3 A to illustrate an orientation of
one zi1g zag z1g sequence of the flow paths 76P-1, 86P-1 and
96P-1. Each 1llustrated path 1s positioned between the con-
cave sidewall 24 and one of the three second series of paths
76S, 86S, 965. As shown 1n FIG. 4A for the illustrated paths
76P-1, 86P-1 and 96P-1, all of the flow paths 76S, 865, 965
are formed at an angle with respect to the concave sidewall 24
such that the exit opening 82 1s closer to the sidewall 24 than
the inlet opening 78. FIG. 4B 1s a second view 1n cross section
taken from the tip 20 of the blade 10 along a flow path of
cooling air shown 1n FIG. 3B to illustrate an exemplary ori-
entation of one zig zag zig sequence of tlow paths 76S-1,
86S5S-1 and 96S-1. Each 1illustrated path 1s positioned between
the convex sidewall 26 and one of the three first series of paths
76P, 86P and 96P. As shown 1n FIG. 3B {for the illustrated
paths 76S-1, 86S-1, 96S-1, all of the flow paths 76S, 86S, 965
are formed at an angle with respect to the convex sidewall 24
such that the exit opening 82 1s closer to the suction sidewall
26 than the 1nlet opening 78. This slanted orientation causes
cooling air which passes through the exit opening 82 to

impinge upon the interior wall surfaces 25, 27 to facilitate
heat transter from the sidewalls 24, 26.

[0037] Portions of the interior wall surfaces 25, 27 which
form walls of the trailing edge chambers 52, 54, 56 may be
textured surfaces to enhance heat transier between the side-
walls 24,26 and the cooling gas. The textured surfaces may be
tormed with a series of grooves, ribs, fluting, or even a mesh-
like design wherein a crisscrossed pattern of ribs protrude
from the sidewalls 1into the chambers. In the example embodi-
ment of FIGS. 3A and 3B the surfaces 25 and 27 include
grooves 114 which extend along the surfaces 1n a direction
perpendicular to the axis H.

[0038] FIG.51sanelevation view of the turbine 10 of FIGS.
4A and 4B taken along lines 5-5 thereof illustrating a stag-
gered arrangement of the inlet openings 78 of the first and
second cooling paths 76P, 76S. The paths 1n each series are
shown 1 FIG. 3 as uniformly spaced apart and the inlet
openings 78 to the paths 1n each series are shown as uniformly
spaced apart. Thus, with the inlet opening of the suction side
cooling path 76S-1 positioned closer to the tip 20, the entire
series of cooling paths 76S 1s 1n a staggered relationship with
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respect to the entire series of cooling paths 76P. Further, the
entire series of cooling paths 86S 1s 1n a staggered relationship
with respect to the entire series of cooling paths 86P and the
entire series of cooling paths 96S 1s 1n a staggered relationship
with respect to the entire series of cooling paths 96P.

[0039] A feature ofthe invention is that the path length, e.g.,
a distance, d, as may be measured along each cooling path
76P, 76S from the 1nlet opening 78 to the exit opening 82 1s a
distance greater than the thickness, t, of the region of the wall
portion through which 1t 1s formed. Reference to such a thick-
ness means the mimmimum distance across the wall portion as
measured between two adjacent chambers (e.g., 1n a region,

R, of the wall portion 70-1 between the inlet opening 78 and
the exit opening 82 of the cooling path 76P-1 or 76S-1) such
that the length of the path which the cooling air travels,

between two adjacent chambers (e.g., chambers 60 and 52), is
being compared with the thickness of the wall portion.

[0040] Similarly, a distance, d, as may be measured along
cach cooling path 86P, 86S from the 1nlet opening 88 to the
ex1t opening 92 is a distance greater than the thickness, t, of
the region of the wall portion through which 1t 1s formed.
Reference to such a thickness means the minimum distance
across the wall portion as measured between two adjacent
chambers (e.g., in a region, R,, of the wall portion 70-2
between the inlet opeming 88 and the exit opening 92 of the
cooling path 86P-n or 86S-n) such that the length of the path
which the cooling air travels, between two adjacent chambers
(e.g., chambers 52 and 54), 1s being compared with the thick-
ness of the wall portion.

[0041] A distance, d, as may be measured along each cool-
ing path 96P, 96S from the inlet opening 98 to the exit opening
102 1s a distance greater than the thickness, t, of the region of
the wall portion through which 1t 1s formed. Reference to such
a thickness means the minimum distance across the wall
portion as measured between two adjacent chambers (e.g., in
a region, R, of the wall portion 70-3 between the 1nlet open-
ing 98 and the exit opening 102 of the cooling path 96P-n or
965-n) such that the length of the path which the cooling air
travels, between two adjacent chambers (e.g., chambers 54
and 56), 1s being compared with the thickness of the wall
portion.

[0042] In the illustrated embodiment this feature 1s had by
forming straight paths through the wall portions with the
straight paths each having a slope with respect to the axis H.
In other embodiments the greater distance can be effected by
forming the cooling path with numerous other shapes, includ-
ing a winding shape, such as a helix or serpentine pattern or
with a saw tooth or sinusoidal shape or with various combi-
nations of the foregoing.

[0043] FIG. 61llustrates an alternate embodiment of a blade
according to the mvention wherein like reference numbers
refer to features described 1n the preceding figures. A blade
10' has two pairs of flow paths between the chambers 60, 52
and 54, each illustrated flow path being in one of the two
series 76P, 86P or in one of the two series 76S, 86S.

[0044] Unlike the embodiment shown 1n FIGS. 3 and 4, for
the blade 10' the series of cooling paths 76S 1s not in a
staggered relationship with respect to the series of cooling
paths 76P and the series of cooling paths 86S 1s not 1n a
staggered relationship with respect to the series of cooling
paths 86P. Further, unlike the embodiment shown in FIGS. 3
and 4, for the blade 10' members 1n the series of cooling paths
76S are not impinging on the suction sidewall and members 1n
the series of cooling paths 76P are not impinging on the
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pressure sidewall; and members in the series of cooling paths
865 are not impinging on the suction sidewall and members 1n
the series ol cooling paths 86P are not impinging on the
pressure sidewall. Rather, the view 1n cross section of FIG. 6,
taken from the tip 20 of the blade 10, illustrates two parallel
flow paths of cooling air each having one zig zag sequence
aiter which the wall portion 70-3 contains only one central
series of tlow paths 96 1n lieu of the two series 96P and 96S of
cooling paths. That 1s, cooling air arriving in the chamber 54
from two different series of cooling paths 86P and 86S 1is
merged mnto one series of cooling paths 96. The view of FIG.
6 1llustrates one tlow path 1n each series (1.e., 76P-1, 76S-1,
86P-1, 865-1 and 96), it being understood that there may be n
such flow paths in each of the series.

[0045] Also, as shown 1n FIG. 6, for the blade 10' none of
the illustrated paths 76P-1, 765-1, 86P-1, 865-1 and 96 are
formed at an angle with respect to the concave sidewall 24 or
the convex sidewall 26, 1.¢., the exit opening 82 1s not closer
to one of the sidewalls 24, 26 than the inlet opening 78. In still
other embodiments some of the cooling paths may be formed
at an angle with respect to the concave sidewall 24 or the
convex sidewall 26, while other ones of the cooling paths (1.¢.,
in the same series or in a different series of paths) are not
formed at an angle with respect to the adjoining sidewall 24,
26.

[0046] While embodiments of the present invention have
been described, these are provided by way of example only.
Many modifications and changes will be apparent to those
skilled 1n the art. Numerous variations, changes and substi-
tutions may be made without departing from the invention
herein. Accordingly, it 1s intended that the invention be lim-
ited only by the spirit and scope of the appended claims.

1. A blade positionable about an axis of rotation 1n a gas
turbine engine, the blade being of the type having a relatively
thick leading edge and a relatively thin trailing edge wherein,
when the blade 1s mounted to a rotor or stator during operation
of the engine, a tlow of fluid passes along the leading edge
before passing along the trailing edge, the blade comprising;:

an airfoil having a generally elongate shape with first and
second opposing ends, the airfoil extending between a
tip at the first end and a platform at the second end, the
airfo1l including an exterior wall extending between the
t1p and the platform, the exterior wall comprising a con-
cave sidewall joined to a convex sidewall, with each
sidewall extending from the relatively thick leading
edge region of the airfoil to the relatively thin trailing
edge region of the air-foil,

the blade comprising (1) at least one leading edge chamber
extending between the first and second air-foil ends 1n
the relatively thick leading edge region, and (11) at least
first, second trailing edge chambers each extending
between the first and second air-foil ends in the rela-
tively thin trailing edge region, the airfoil including mul-
tiple interior wall portions, each extending between the
first and second opposing ends, each wall portion sepa-
rating at least one chamber from another one of the
chambers, wherein:

a first of the wall portions between first and second of the
trailing edge chambers comprises (1) a first plurality of
flow paths adjacent the concave sidewall and extending
through the first wall portion from the first trailing edge
chamber to the second trailing edge chamber and (11) a
second plurality of tlow paths adjacent the convex side-
wall and also extending through the first wall portion
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from the first trailing edge chamber to the second trailing
edge chamber, the first plurality of paths positioned
between the concave sidewall and the second plurality of
paths, and the second plurality of paths positioned
between the convex sidewall and the first plurality of
paths, each of the flow paths extending from an inlet
opening 1n the first trailing edge chamber for receiving
fluid from the first trailing edge chamber to an exit
opening in the second trailing edge chamber for passing,
the fluid 1nto the second chamber, and

the first wall portion 1ncludes a first region having a first
thickness measurable as a distance between the first and
second chambers and one of the paths extends a first path
distance as measured from the associated path opening
in the first chamber, through the first region and to the
ex1t opening 1n the second chamber which path distance
1s greater than the first thickness.

2. The blade of claim 1 wherein the first thickness 1s the
maximum thickness of the first region and said one of the
paths through the first region 1s a straight path.

3. The blade of claim 1 wherein the first region 1s of a
uniform thickness and said one of the paths through the first
region 1s a straight path.

4. The blade of claim 1 wherein the trailing edge 1s an edge
of the airfoil which extends along a first direction and, with
respect to a horizontal axis perpendicular to the first direction,
said one of the paths through the first region 1s a straight path
having a non-zero slope.

5. The blade of claim 4 wherein the first path distance 1s at
least five percent greater than the first thickness.

6. The blade of claim 4 wherein the slope of the straight
path as measured from the inlet opening to the exit opening 1s
a positive slope with respect to the horizontal axis.

7. The blade of claim 1 further including:

a third trailing edge chamber extending between the first
and second air-foi1l ends 1n the relatively thin trailing
edge region with a second of the wall portions between
the second and third trailing edge chambers, the second
wall portion including:

(1) a third plurality of flow paths adjacent the concave
stdewall and extending through the second wall portion
from the second trailing edge chamber to the third trail-
ing edge chamber and (11) a fourth plurality of flow paths
adjacent the convex sidewall and also extending through
the second wall portion from the second trailing edge
chamber to the third trailing edge chamber, the third
plurality of paths positioned between the concave side-
wall and the fourth plurality of paths, and the fourth
plurality of paths positioned between the convex side-
wall and the third plurality of paths, each of the flow
paths of the third and fourth pluralities of paths extend-
ing from an inlet opening in the second trailing edge
chamber for receiving fluid from the second trailing
edge chamber to an exit opening 1n the third trailing edge
chamber for passing the fluid into the third chamber, and

the second wall portion 1includes a second region having a
second thickness measurable as a distance between the
second and third chambers and one of the paths extend-
ing through the second wall portion extends a second
path distance as measured from the associated path
opening in the second chamber, through the second
region and to the exit opening in the third chamber which
second path distance 1s greater than the second thick-
ness.
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8. The blade of claim 7 wherein the first thickness of the
first region 1s a maximum thickness of the first region and the
second thickness of the second region 1s a maximum thick-
ness ol the second region, said one of the paths through the
first region 1s a straight path and said one of the paths through
the second region 1s a straight path.

9. The blade of claim 7 wherein the first region of the first
wall portion 1s of a uniform thickness, the second region of the
second wall portion 1s of a uniform thickness, said one of the
paths through the first region 1s a straight path and said one of
the paths through the second region 1s a straight path.

10. The blade of claim 7 wherein the trailing edge 1s an
edge of the airfoil which extends along a first direction and,
with respect to a horizontal axis perpendicular to the first
direction, said one of the paths through the first region 1s a
straight path having a non-zero slope and said one of the paths
through the second region 1s a straight path having a non-zero
slope.

11. The blade of claim 10 wherein the first path distance 1s
at least five percent greater than the first thickness and the
second path distance 1s at least five percent greater than the
second thickness.

12. The blade of claim 10 wherein:

the slope of the straight path through the first region, as

measured from the associated inlet opening to the asso-
ciated exit opening 1s a positive slope with respect to the
horizontal axis; and

the slope of the straight path through the second region, as

measured from the associated inlet opening to the asso-
ciated exit opening 1s a negative slope with respect to the
horizontal axis.

13. The blade of claim 10 wherein:

the slope of the straight path through the first region, as

measured from the associated inlet opening to the asso-
ciated exit opening 1s a negative slope with respect to the
horizontal axis; and
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the slope of the straight path through the second region, as
measured from the associated ilet opening to the asso-
ciated exit opening 1s a positive slope with respect to the
horizontal axis.

14. The blade of claim 10 wherein the trailing edge of the
airfo1l 1s a portion of the exterior blade wall positioned
between the third trailing edge chamber and a region exterior
to the blade and the trailing edge 1includes a fifth plurality of
flow paths providing a passage through which fluid passing
through the first, second and third trailing edge chambers can
exit the blade.

15. The blade of claim 1 wherein the concave sidewall
includes a surface in one of the trailing edge chambers a
portion of which 1s textured to facilitate heat transier between
the concave sidewall and fluid tlowing through the chamber.

16. The blade of claim 1 wherein the convex sidewall
includes a surface i one of the trailing edge chambers a
portion of which 1s textured to facilitate heat transier between
the concave sidewall and fluid tlowing through the chamber.

17. The blade of claim 15 wherein the convex sidewall
includes a surface 1in one of the trailing edge chambers a
portion of which 1s textured to facilitate heat transier between
the concave sidewall and fluid flowing through the chamber.

18. The blade of claim 1 wherein one of the sidewalls of the
blade mncludes a surface 1n one of the trailing edge chambers
a portion of which has grooves or ribs or a fluted surface along
which fluid flowing through the chamber may pass.

19. The blade of claim 1 wherein for one 1n the first plu-
rality of flow paths the associated exit opening 1s closer to the
concave sidewall than the associated inlet opening.

20. The blade of claim 1 wherein for one in the second
plurality of flow paths the associated exit opening 1s closer to
the convex sidewall than the associated inlet opening.
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